ABSTRACT. Primary progressive aphasia (PPA) is a neurodegenerative clinical syndrome characterized primarily by progressive language impairment. Recently, consensus diagnostic criteria were published for the diagnosis and classification of variants of PPA. The currently recognized variants are nonfluent/agrammatic (PPA-G), logopenic (PPA-L) and semantic (PPA-S). Objective: To analyze the demographic data and the clinical classification of 100 PPA cases. Methods: Data from 100 PPA patients who were consecutively evaluated between 1999 and 2012 were analyzed. The patients underwent neurological, cognitive and language evaluation. The cases were classified according to the proposed variants, using predominantly the guidelines proposed in the consensus diagnostic criteria from 2011. Results: The sample consisted of 57 women and 43 men, aged at onset 67.2±8.1 years (range of between 53 and 83 years). Thirty-five patients presented PPA-S, 29 PPA-G and 16 PPA-L. It was not possible to classify 20% of the cases into any one of the proposed variants. Conclusion: It was possible to classify 80% of the sample into one of the three PPA variants proposed. Perhaps the consensus classification requires some adjustments to accommodate cases that do not fit into any of the variants and to avoid overlap where cases fit more than one variant. Nonetheless, the established current guidelines are a useful tool to address the classification and diagnosis of PPA and are also of great value in standardizing terminologies to improve consistency across studies from different research centers. Key words: primary progressive aphasia, clinical consensus, variants, agrammatic, logopenic, semantic, semantic dementia.
INTRODUCTION
P rimary progressive aphasia (PPA) is a neurodegenerative clinical syndrome characterized primarily by progressive language impairment. Systematic studies on PPA started after Mesulam 1 published his seminal paper entitled "Slowly progressive aphasia without generalized dementia" in 1982. Indeed, cases reported over the past 100 years by Pick, Déjerine, Sérieux and Rosenfeld, which presented degenerative diseases with language disturbances in the initial phase, would possibly fit current criteria for the condition now recognized as PPA. 2 Intensive research on PPA has been carried out toward gaining a better understanding of several aspects of this syndrome, such as neuroimaging, genetics, neuropathology, clinical and cognitive features.
Regarding the clinical characteristics of PPA, numerous investigations have explored the heterogeneity of the linguistic forms of this syndrome. For some years, there have been different visions and controversies about the classification and diagnosis of this syndrome. [3] [4] [5] [6] However, more recently, consensus diagnostic criteria were published with the objective of providing a standard approach to the diagnosis of PPA and its classification across multicenter studies, by a group of experienced clinicians and researchers from different centers. 7 The consensus establishes that the classification of PPA variants must be based primarily on the clinical features. Besides the clinical diagnosis (first level), the consensus criteria also establish other two levels for the diagnosis: imaging-supported and definite pathologic diagnosis.
The first level is clinical classification, done in two steps. In the first step, it is determined whether the patient has PPA according to inclusion and exclusion criteria based on Mesulam's guidelines [8] [9] (Table 1) . The second step involves the classification of language disturbance into one of the currently recognized variants: nonfluent/agrammatic (PPA-G), logopenic (PPA-L) and semantic (PPA-S), based on language and speech characteristics. For each variant, there are core and ancillary features for the diagnosis ( Table 2) .
The second level of classification, besides the clinical findings of the characteristics of each subtype, includes imaging-supported diagnosis, where the following features must be present on structural or functional neuroimaging: [1] nonfluent/agrammatic variant (PPA-G), predominant left fronto-insular area abnormalities on neuroimaging assessment; [2] semantic variant, predominant anterior temporal lobe atrophy, hypoperfusion or hypometabolism; and [3] logopenic variant, imaging abnormalities predominantly in left posterior perisylvian or parietal areas are necessary.
For the third classification level, definite pathologic diagnosis, the consensus establishes that, besides the typical clinical characteristics of each variant, the patient must present pathologic or genetic mutations definitely associated with the frontotemporal lobar degeneration (FTLD) spectrum, Alzheimer's disease (AD), or another specific etiology.
Studies have shown that PPA-G is more frequently associated with deposits of hyperphosphorylated tau protein, whereas PPA-S is associated with deposits of ubiquitinated TDP-43 protein, whereas PPA-L is more frequently caused by AD, with beta-amyloid and tau protein parenchymal aggregation and deposition. [10] [11] [12] [13] [14] [15] Due to the lack of biological markers, PPA clinical classification into one of the variants may help the clinician in identifying the possible pathologic basis and may also assist in the choice of pharmacological intervention.
The aim of the present study was to analyze the demographic data and the clinical classification of 100 consecutive PPA patients evaluated in Brazil.
METHODS
Demographic data from a series of 100 PPA patients consecutively evaluated between 1999 and 2012 were analyzed.
All patients underwent neurological examination, neuroimaging assessment and comprehensive cognitive, language and semantic memory evaluation. All patients were submitted to structural (MRI/CT) neuroim- aging assessment and/or functional (SPECT/PET scan) neuroimaging assessment. All patients were also submitted to language evaluation by the same speech pathologist (MLHS), which included application of the following tools: communication functional evaluation, aphasia battery tests (Beta MT-86, 16 Boston Diagnostic Aphasia Exam-BDAE, 17 Boston Naming Test, 18 Human Frontier Science Program (HFSP) reading and writing protocols 19 and in some cases additional evaluation (example: tasks of semantic memory battery previously described in other papers). [20] [21] To evaluate the core and ancillary criteria for diagnosis of the PPA variants, a number of different tasks were used. The analyses of oral production in spontaneous speech and on the Boston Cookie theft picture description task 17 were employed for syntax assessment. In some cases, there was an additional task of ordering single written words, printed on a separated card, to constitute a correct sentence. Syntactic comprehension was evaluated through matching tasks (sentencespictures) from the Beta MT-86 protocol. 16 Speech motor disturbances were evaluated from the assessment proposed by Darley et al. 22 Semantic comprehension was evaluated through word-picture matching and word definition tasks from the semantic memory battery. [20] [21] The BDAE 17 stimulus were used to assess sentence repetition. Object knowledge (visual semantic memory) was assessed through qualitative analysis of responses on the Boston Naming Test 18 and in some cases the Peno protocol, 23 Pyramids and Palm Tree (PPT) 24 and famous face recognition tests were used. 20, 21 Written language abilities were examined through reading aloud and dictation tasks from the HFSP protocol 19 or Beta MT-86 aphasia protocol". 16 From the data obtained in the language evaluation, cases were classified according to the proposed variants, using predominantly the criteria proposed by the consensus 7 (Table 1) , but also with support of other studies. [25] [26] [27] [28] Besides the 100 consecutive PPA cases included in this study over the 13-year study period, two patients evaluated were diagnosed with progressive apraxia of speech based on current criteria.
RESULTS
The evaluated sample comprised 57 women and 43 men. The main demographic data and Mini-Mental State Examination (MMSE) scores 29, 30 are shown in Table 3 . Ninety-eight patients were right-handed, one case had a history of developmental dyslexia and two cases had a history of transient global amnesia episodes before the emergence of language disturbance. Figure 1 shows age distribution at time of diagnosis for the overall sample and for the three main variants. Age at diagnosis ranged from 54 to 90 years. Thirty-four patients had disease onset before 65 years of age.
Classification into the PPA variants of the 100 cases can be seen in Figure 2 . It was possible to classify 80% of the sample into one of the three PPA variants proposed by the International consensus: 7 35 presented PPA-S, 29 PPA-G, and 16 PPA-L. Thus, it was not possible to classify 20% of the cases into any one of the proposed variants.
Among these 20 unclassifiable cases, there were six cases of anomic aphasia (PPA-A), three of pure word deafness (PPA-PWD), one case of mixed PPA (PPA-M) 31, 32 and ten unclassifiable cases (PPA-U). Table 4 shows the performance on language tasks. Table 5 shows age at onset and at evaluation along with 
DISCUSSION
The data reported in this study included a large number of consecutive PPA cases submitted to language evaluation by the same speech pathologist over a period of 13 years. Our sample had higher mean age at onset than that reported in previous studies 10, [33] [34] [35] [36] and also contained more women. 33, 34 Rogalsky et al. 37 suggested that learning disabilities (LD) may constitute a risk factor for PPA. Their results showed that patients with PPA and their first degree relatives had a higher frequency of LD, especially dyslexia, when compared to patients with AD, with behavioral variant of FTLD and to healthy older adults.
During history taking, we systematically asked the patient and informant whether the patient had a history of LD, or difficulty with reading or writing during the first years of school. The informant was in most cases the patient's spouse or son/daughter, who clearly had not lived with the patient during this period. We did not investigate whether any of the patients' first-degree relatives had LD. A history of developmental dyslexia was found in only one case.
Recently, a possible association between transient global amnesia and PPA was reported. 38, 39 The two patients cited in the Nitrini et al. 39 study are included in this sample.
Different manifestations of FTLD in its behavioral and language variants frequently occur in the pre-senile phase. FTLD is considered the second most common cause of degenerative dementia after AD in subjects between 45 and 65 years of age, being less prevalent in the elderly. [40] [41] [42] [43] [44] [45] However, this association of FTLD and pre-senile onset must be viewed with caution, because some investigators have reported a significant number of FTLD cases with an age of onset beyond 65. 13, 46 Indeed, in a demographic study of 100 semantic dementia cases, Hodges et al. verified that the age at diagnosis was over 65 years in 46% of the patients. 13 Considering all three PPA variants defined by the clinical consensus, semantic and nonfluent/agrammatic cases prevailed in our sample with logopenic cases proving less frequent. Studies conducted after the publication of the clinical consensus have presented different proportions of these variants. A very small number of PPA-L cases in relation to other variants were found in the study by Sajjadi et al. with only 4.3% of patients being classified as PPA-L versus 28.3% as PPA-S and 26.1% as PPA-G. 46 In another report by Thompson (20) cases was found. 36 Leyton et al. recruited 47 consecutive PPA patients and found 14 PPA-S, 15 PPA-G and 18 PPA-L 15 cases. In another study, conducted prior to the consensus publication and considering only the dichotomy semantic dementia (SD) versus nonfluent progressive aphasia (NFPA), Hodges et al. found a larger number of SD. In the cited study, the authors included all new patients who were examined at the Memory Clinic in Cambridge, UK, between 1990 and 2007. 13 Three thousand six-hundred new patients were evaluated and 416 received the diagnosis of focal cortical dementia. Of these 416 cases, 128 received the diagnosis of fronto-temporal dementia (FTD), 110 SD, 66 NFPA, with 36 mixed (mixed aphasic/behavioural cases) and 66 corticobasal syndrome cases.
Further studies on the clinical classification of the PPA subtypes using the guidelines of the consensus may determine the real frequency of each variant.
Among the three PPA variants, we considered PPA-S and PPA-G to have more consistent profiles in relation to language characteristics. In PPA-S, the word comprehension and anomia due to semantic degradation are the core and necessary symptoms for the diagnosis of this variant. These symptoms are noticeable aspects of the PPA-S profile. In cases of very mild PPA-S, these symptoms may not be so evident, however when more sensitive tasks are used with less familiar stimuli, the diagnosis of this variant is possible. The word-definition Observation: Cases with less than 2-year history of progressive language disturbances were followed and PPA diagnosis confirmed.
task, requiring besides the stimulus categorization, detailed information that defines the lexical item more precisely, was shown to be a more sensitive task than the word-picture matching task (with eight alternatives of the same semantic category) for detecting verbal semantic memory impairment. 21 In addition to the two core symptoms mentioned for the classification and diagnosis of PPA-S, the presence of surface dyslexia and/or surface dysgraphia, ancillary symptoms for the diagnosis of PPA-S, is also very frequent, since this is secondary to the verbal semantic memory impairment. Besides surface dyslexia, some cases who were able to read by lexical processing (without regularization errors), but who could not access the meaning, have been previously described. 47, 48 In other words, in this form of dyslexia, called semantic dyslexia, patients can read irregular words correctly but without comprehension. 47 Other symptoms of PPA-S which are not cited in the classification scheme, but may help in the diagnosis of this variant, are: dissociation between semantic and syntactic comprehension, oral production fluency in quantitative terms, greater difficulty on semantic fluency tasks than phonological fluency tasks (for example, FAS) and low score in confrontation naming. The sum of these symptoms, and the interpretation of these linguistic data, resulting from verbal semantic memory impairment facilitate the diagnosis of PPA-S. In our experience, there is a variation related to the concomitance of verbal and nonverbal semantic impairment. The intensity of the nonverbal semantic impairment varied among our cases, independently of verbal semantic impairment intensity. 20, 21 Regarding PPA-G, the two core characteristics according to the clinical consensus -agrammatism in language production and speech motor problems -also constitute exclusive symptoms of this variant that allow its identification. However, according to the clinical consensus, these two central characteristics can occur together or separately, allowing different clinical manifestations to be included under the terminology of PPA-G. Therefore, PPA-G can be considered: [1] patient with agrammatism but without speech motor problems; [2] agrammatic patients with speech motor problems; and [3] aphasic patients without agrammatism but with speech motor problems. In our sample, we found 14 patients with both agrammatism and motor speech disorders, six patients with agrammatism only, and nine patients with motor speech disorder but without agrammatism.
This subdivision of the nonfluent/agrammatic PPA variant can be useful. In our experience, only patients with motor speech alterations developed, with disease progression, motor syndromes such as corticobasal degeneration or progressive supranuclear palsy (report in press).
The more recently recognized variant -PPA-L -has as core symptoms, described in the consensus, characteristics that are not exclusive. The first core feature -impaired single-word retrieval in spontaneous speech and naming -is a characteristic present in all the variants. Anomia is considered a universal symptom of the aphasias. The second core feature of PPA-L -impaired repetition of phrases and sentences -again cannot be considered exclusive to this variant. PPA-G cases can also present difficulties in repetition tasks. This absence of exclusive characteristics for the diagnosis of PPA-L can lead to a classification by exclusion. Our cases that were classified as PPA-L, besides fitting the characteristics in the consensus criteria, also presented the profile of PPA-L described by Gorno-Tempini et al. and by Henry & Gorno-Tempini. 26, 27 The diagnosis of PPA-L requires more attention and experience in the identification and recognition of the symptoms which are sometimes less evident. Furthermore, the two core and the ancillary features for classifying PPA-L also allow the inclusion of patients who do not present the specific profile defined by Gorno-Tempini et al. and Henry & Gorno-Tempini. 26, 27 For example, in our sample, two unclassifiable cases (PPA-U) fitted the consensus criteria for PPA-L. They had two core features (impaired single-word retrieval and impaired repetition) and three ancillary features (phonemic paraphasias, spared motor speech and absence of agrammatism). However, we preferred to consider them unclassifiable PPA (PPA-U), because their oral production constituted a form of neologistic jargon, similar to the oral expression seen in Wernicke's aphasics. The possibility of diagnostic criteria overlap leading to uncertainties regarding the precision of classification into one of the three variants, was discussed by Mesulam et al. 32 As PPA-L does not have symptoms that are exclusively associated with this variant, we propose that the ancillary criteria "spared motor speech" and "absence of frank agrammatism" should be made core features in addition to those already included in the diagnostic criteria by Gorno-Tempini et al. 7 This change would probably eliminate the possibility of a patient meeting criteria for both PPA-G and PPA-L. "Absence of neologist jargon" could also be included as an ancillary feature.
In the PPA clinical consensus report, Gorno-Tempini et al. 7 argue that only a minority of cases present isolated symptoms or mixed characteristics, but with disease progression, the characteristics of one of the proposed variants became clearer, making classification possible. In the present study, after a cross-sectional evaluation, 20% of the cases were found not to fit any of the three variants. Hence, in our study and similarly in other reports, 15, 31, 32, 46 there are patients whose clinical characteristics do not fit the tripartite system proposed by the consensus. Mesulam et al., 32 in an analysis of 25 patients with early and mild PPA, were able to classify around 80% of the sample into one of the three variants. 32 In the study of Sajjadi et al. 46 , in which 46 PPA patients were prospectively studied with the objective of classifying them into subtypes according to the consensus criteria, less than 60% of the sample was classifiable into any one of the PPA variants. 46 By contrast, Leyton et al. classified 96% (45/47) of their PPA patients into one of the three subtypes. 15 Unclassifiable cases could reflect a point during the evolution of the pathological process, and this concern was discussed by the consensus. However, we believe this explanation does not hold for all our unclassifiable cases, and the tripartite system is probably insufficient to classify the clinical and language characteristics of all PPA cases.
The follow-up of some of our cases also did not allow us to fit some patients into any of the proposed subtypes. Of the three cases of pure word deafness, two were accompanied longitudinally and presented with syntactic alterations in written production and surface dysgraphia with disease progression. However, we believe that despite the emergence of agrammatism, the most salient and dysfunctional symptom was difficulty in auditory/oral comprehension. Therefore, it would not have been congruent to label these cases as PPA-G, given the subsequent emergence of syntactic alterations with disease progression.
Mesulam et al. suggested the existence of a fourth variant of PPA, the mixed subtype (PPA-M), for cases that present syntactic and word comprehension impairment even in early and mild PPA. 31, 32 In our sample, only one unclassifiable case presented this PPA-M phenotype.
Mesulam et al. also found cases that presented only anomia and suggested the possibility that this clinical form could be a prodromic stage of PPA-S or be another PPA subtype, anomic variant (PPA-A). 32 In our sample, six unclassifiable cases presented only anomia (PPA-A). In the follow-up, one of our cases developed characteristics of the logopenic and semantic variants concomitantly.
Follow-up studies can help define and better understand the different variants of PPA. Perhaps, the consensus classification needs some adjustments to accommodate cases that do not fit into any of the variants and to prevent overlap where cases fit more than one variant. Nonetheless, the established current guidelines are a useful tool to address the classification and diagnosis of PPA and are also of great value in standardizing terminologies to improve consistency across studies from different research centers.
